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Transformation of normal keratinocytes by simian 
virus 40 (SV 40) leads to the establishment of epithelial 
cell lines that can be cultured in the absence of the feeder 
layer and do not become senescent in culture. The SVK1• 
cell line developed hy Taylor-Papadimitriou et al can 
serve as a model for study of the modification of various 
cellular processes by certain pharmacologic and physi-
ologic agents, because these cells resemble normal ker-
atinocytes with respect to a variety of parameters re-
lated to proliferation and differentiation, as follows: 
1. The SVK 14 cells show the same ability to form 
ionophore-induced cross-linked envelopes that is 
strongly suppressed when the calcium level in the cul-
ture medium is reduced. 
2. When cultured in a high-calcium medium, both cell 
types showed a high rate of de novo cholesterol synthesis 
that was independent of the extracellular lipoprotein 
concentration. 
3. Cells cultured in a low-calcium medium had a much 
lower rate of cholesterol synthesis, but this rate in-
creased markedly in cells preincubated in lipoprotein-
deficient (LPDS) medium and decreased again with the 
addition of increasing amounts of low-density lipopro-
tein (LDL). 
4. Both types of cell showed decreased ability to bind 
epidermal growth factor (EGF) and LDL during cal-
cium-induced differentiation, the expression of LDL 
and/or EGF receptors being high in low-calcium and low 
in high-calcium cells. 
5. Addition of etretinate (0.05-5.0 ~tM) suppressed 
cholesterol synthesis and strongly stimulated triglycer-
ide synthesis in both cell types without significantly 
affecting the rate of protein synthesis. 
6. The addition of small doses of glucocorticoids (10-9 
to 10-6 M) led to stimulation and higher doses (up to 5 X 
10-5 M) to inhibition of cell proliferation. 
Study of long-term effects of therapeutic agents used in 
dermatologic practice is seriously complicated by the complex 
nature of the skin and would t herefore be greatly facilitated by 
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the use of cultured cells. Although normal keratinocytes can be 
cultured serially in vitro with the feeder -layer method (1], this 
system is less suitable for long-term studies because the cells 
become senescent after a few passages (2,3]. Established cell 
lines of keratinocyte origin would, however, be suitable for in 
vitro studies on the effects of therapeutic agents. Such cell lines 
can be obtained by infection of normal keratinocytes with 
simian virus SV 40 [ 4-6] . In this context, the degree of similar-
ity between the transformed cell lines and normal keratinocytes 
is of great importance, especially with respect to properties 
related to proliferation and differentiation. 
The external calcium concentration has been shown to play 
an important role in keratinocyt e differentiation. Lowering of 
the external calcium concentration to 0.05-0.1 mM induced 
proliferative activity in cultured mouse (7] and human (8] 
epidermal cells, whereas raising of this concentration to 1-2 
mM led to differentiation. In all probability, this regulatory role 
of calcium operates in vivo as well as in vitro (9]. Furthermore, 
the epidermal growt h factor (EGF) has been shown to play a 
regulatory role in keratinocyte proliferat ion and differentiation 
(3]. During terminal different iation, keratinocytes exhibited a 
decreased ability to bind EGF, this binding being strongly 
dependent on the ext racellular calcium concentration during 
cell culture (10] , and a recent study [11] has shown a negative 
correlation between keratinocyte differentiation on the one 
hand and the degree of low-density lipoprotein (LDL)-induced 
suppression of cholesterol synthesis, LDL receptor expression, 
and LDL metabolism on the other. Finally, proliferation of 
keratinocytes in vitro requires the presence of glucocorticoids 
in the medium, which suggests that these compounds play an 
important role in the regulation of keratinocyte proliferation 
[1,12] . 
In the present study we compared normal keratinocytes and 
one clone of SV 40-transformed keratinocytes (SVK14) , devel-
oped by Taylor-Papadimitriou et al (4], with respect to a 
number of properties known to be related to keratinocyte 
proliferation and differentiation, such as LDL-induced suppres-
sion of cholesterol synthesis, LDL metabolism, and EGF bind-
ing. These properties were assessed and compared in cells 
grown under low-calcium (proliferative) and high-calcium (dif-
ferentiating) conditions. In addition, the effects of glucocorti-
coids on cell proliferation and on the mechanisms underlying 
the regulation of lipid synthesis were also compared, as well as 
the effect of retinoid administration on the latter. The results 
of these studies show that SVK14 cells offer an acceptable model 
system for the study of long-term effects of therapeutic agents 
in vitro. 
MATERIALS AND METHODS 
Cell Culture 
Keratinocytes: Keratinocytes originating from juvenile foreskin were 
isolated and cultured as described elsewhere [13]. The cul ture medium 
consist ed of a mixture of Dulbecco-Vogt's and Ham's F12 media (3:1) 
(DV -H medium) supplemented with 5% fetal calf serum (FCS) , 10-6 M 
isoproterenol, 0.4 JJ.g hydrocortisone/ml, and 10 ng EGF / ml (Sochiba, 
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France). The first, seco nd, and t hird passages were used for the exper-
iments. 
S VK14 cell.~: SV 40-tra nsformed huma n epiderma l keratinocytes 
(SVK 1•1 ce lls), kindly provided by Dr. J. Taylor-Papadimitriou, were 
cultured in t he absence of fibroblast feede r support in a DV-H medium 
supplemented wit h 5% FCS, 0.4 11g hydrocort isone/mi. and 10-6 M 
isoproterenol. For these experiments t he 17th-42nd passages were used. 
For low-ca lcium cultures, calcium -free Dulbecco-Vogt's medium was 
mixed with standa rd Ham's medium (3: 1) and supplemented with 5% 
c h e lex-treated FCS [7] . The final calcium concent ration was 0.06 mM , 
as determined by fl ame photometry. The other additives v:ere t he same 
as those used for t he high-calcium medium (1.6 mM). 
Lipoproteins 
Human LDL (d = 1.03- 1.05 g/ml) was isolated from plasma of 
healthy subjects by density gradient ul tracentrifugation [14] followed 
by tube slicing. Lipoprotein-deficient newborn calf serum (LPDS) (d 
> 1.215 g/ml ) was prepared by ultracentrifugation at a density of 1.215 
g/ml fo llowed by dia lysis against sali ne. LDL was labeled wi t h 1251 
according to Bilheimer et a l [15). 
Cross-Link.ed Envelope Formation 
The cross- linked envelopes formed in con fluent cultures either spon-
taneously or afte r the Ca2+ -ionophore treatment were determined ac-
cording to Rice and Green [16). 
Assessment of ["C) acetate Incorporation into Cholesterol 
Cells were preincubated for 24 h in cult ure medium containing either 
5% FCS or 5% LPDS. To assess the effects of LDL or extracellular 
cholesterol on de novo cholesterol synt hesis, the cells were precondi -
tioned in medium containing LPDS and reincubated for 6 h in medium 
supplemented with LDL or 25- hydroxycholesterol (Steraloids) at con-
centrations in the range of 0-50 11g cholesterol/ml medium. De novo 
cholesterol synthesis was assessed after the addition of ["C]acetate 
(The Radiochemical Centre, Amersham, 59 mCi/ mmol; 2.5 11Ci/ ml 
medium) at a final concentration of 0.5 mM, followed by incubation for 
18 hat 3TC. The a moun t of [14C]cholesterol synthesized was measured 
in the cell fraction and in the medium as described in detail elsewhere 
[17). 
Determination of the Rate of Synthesis of Cholesterol, Free Fatty 
Acids, Triglycerides, and Cholesterol Esters 
T he rate of synt hesis of cholesterol, free fatty acids, triglycerides, 
a nd cholesterol esters was measured in confluent cul tu res exposed to 
[ 14C)acetate (2.5 11Ci/ ml; 0.5 mM) for 18 h. When t he effect of retinoids 
(etretinate and the correspondi ng acid, its main metabolite) on lipid 
synthesis was to be followed , t he cells were incubated for 3 days in the 
presence and absence of retinoids prior to the addit ion of ["C]acetate 
( 18) . The cells were then t ryps inized and washed with phosphate-
buffered saline (PBS) before the lipids were extracted and the incor -
poration of ("C]acetate into various lipid fractions was assessed. 
Cell A ssociation and Degradation of 1251-labeled LDL 
Cells incubated for 24 h in a medium contain ing LPDS were exposed 
to (' 25I]LDL (20 11g/ ml) and reincubated fo r 3 h at 37·c. Nonspecific 
binding was determined after t he addit ion of 200 11g unlabeled LDL/ 
m l to t he medium containing [125I]LDL. Assessment of t he cell associ-
ation and degradation of (125l]LDL was performed according to Gold-
stein and Brown [19]. 
1251-EGF Binding 
Keratinocytes were cultured for 72 h in the absence of EGF, and 
[t251)EGF (1 ng/ ml, 800,000 cpm/ml) binding was measured in con-
fluent cultures after 2 h of incubation at room temperature in Dulbec-
co's modified Eagle's medium (DMEM) (pH 7.4) containing 0.1 % 
bovine serum albumin buffered wi th 25 mM HEPES in the presence of 
various amounts of unlabeled EGF [20]. The calcium concentration of 
the medium was the same as that of t he growth medium (either 1.6 or 
0.06 mM, as indicated) . Scatchard ana lysis was performed with the 
LIGAND compute r program [21 ]. The values fo r ['"'I]EGF binding 
were corrected for nonspecific binding by subt racting the amount of 
radioactivity bound in t he presence of 500 ng/m l unlabeled EGF, which 
was 5-10% of the tota l binding at an [' 25l]EGF concentration of 1 ng/ 
mi. The average error of the individual binding values did not exceed 
10%. 
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P rotein Synthesis 
The rate of protein synthesis was monitored by measuring the 
incorporation of ["C]leucine (0.5 11Ci/ml; 10- 3 M; 54 mCi/ mM ; Radi-
ochemical Centre) into t he trichloroacetic acid (TCA)-precipi table 
material , and related to the total protein content [22]. 
Effect of Glu.cocorticoids on Cell Proliferation 
A mixture of 0.6 x 104 keratinocytes/cm2 and 1.3 x 10' 3T3 cells/ 
cm2 or 0.2 X 10' SVK14 cells/cm2 was inoculated in DV-H medium 
supplemented with 5% FCS and 10-a M isoproterenol (day 0). On days 
1 and 4 the medium was replaced by simila r medium to which steroids 
had been added in various concentrations. On day 7, the remaining 
3T3 cells in the keratinocyte cultures were removed by a brief t reatment 
with 0.02 % EDTA [1) . The cells of both types were trypsinized before 
count ing was performed. 
RESULTS 
Formation of Cross-Linked Envelopes 
The formation of cross-linked envelopes was taken as an 
indicator of cell differentiat ion. As shown in Table I, SVK, 
cells formed 5 times fewer cross-linked envelopes spontaneously 
than normal keratinocytes did under both low- and high-
calcium conditions. Both cell types formed 5 t imes fewer cross-
linked envelopes spontaneously under low-calcium than under 
high-calcium conditions, which shows the importance of the 
role played by the extracellular calcium concentration in kera-
tinocyte differentiation. 
The formation of cross-linked envelopes can be increased 
significant ly by treatment of cells with a Ca2+ ionophore, and 
thus provides an indicator of differentiation capacity. After 
t reatment of cells with the Ca2+ ionophore X537 A, cross-linked 
envelope formation occurred in all cells of both types cultured 
under high-calcium conditions and about 50% of those given 
low-calcium conditions (Table I). These results show that with 
respect to competency to form ionophore-induced cross-linked 
envelopes, the SVK,. cells are comparable to normal keratino-
cytes and, furthermore, that lowering of the extracellular cal-
cium concentration led, in both cell types, to suppression of 
both spontaneous and ionophore-induced cross-linked envelope 
formation. 
Calcium-Induced Changes in Neutral Lipid Synthesis 
During the differentiation of keratinocytes, significant 
changes were observed in total neutral lipid synthesis, measured 
as [14C]acetate incorporation into various neutral lipid frac-
tions. In both normal and SVK,,, keratinocytes the rate of total 
lipid synthesis increased by a factor of 4 after culture under 
high-calcium compared with culture under low-calcium condi-
tions (Table If) . A similar pattern was shown by SVK,. cells, 
although in these cultures t he rate of lipid synthesis was 1.5-2 
times higher under both low- and high-calcium conditions 
(Table II). 
TABLE I. Formation of cross-link.ed envelopes in normal(/() and 
SVK,. k.eratinocytes (expressed as percentage of total cell number) 
Percent of envelopes formed 
Culture Ce ll 
condition type Spontaneously After ionophore treatment 
High Ca2 + K 25 100 
(1.6 mM) SVK .. 5 100 
Low Ca2+ K 5 50 
(0.06 mM) SVK 14 1 45 
The cells harvested by trypsinization were divided into two fractions, 
one of which was immediately t reated with sodium dodecyl sulfate 
(SDS, 1%) a nd dithioerythriol (DTT, 20 mM) for 5 min at 10o· c a nd 
the other resuspended in serum-free medium containing ionophore 
X537 A at a concentration 50 11g/ml (Sigma) a nd incubated for 2 h at 
37· c . The cells were t hen boiled fo r 5 min in the presence of SDS and 
OTT. Phase contrast microscopy was used for envelope scoring [16] . 
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TABLE II. Calcium -induced changes in the rate of neutral hpid synthesis in normal and SVK" heratinocytes 
Cultu re condition Low Ca2+ High Ca'• 
Cell type K~ratinocytes" SVK 14• Keratinocytes" SVK" b 
Total lipid synthesis'· (dpm/ mg pTOte in ) 55.2 ± 20.3 103.4 ± 8.0 196.9 ± 38.7 287.3 ± 26.9 
Lipid distribution (% tota l inco rporation) 
Free fa tty ac ids 4.0 ± 2.5 6.9 ± 1.4 1.5 ± 0.3 2.0 ± 0.8 
Choleste rol 15.5 ± 8.2 35.5 ± 1.3 71.3 ± 8.3 78.0 ± 1.6 
Triglycerides 58.6 ± 10.1 37.1 ± 1.7 25.2 ± 9.0 18.0 ± 2.0 
Cholesterol esters 21.8 ± 5.3 20.4 ± 0.9 2.0 ± 0.9 2.0 ± 0.2 
The rate of synthesis of cholesterol, free fatty ac ids, tr iglycerides, and cholesterol esters was measured in confluent cultures grown in medium 
supplemented wit h 5% FCS a nd exposed to ["C]acetate (2.5 JLCi/ ml, 0.5 mM) for 18 h. The cells were then trypsinized a nd washed with PBS. 
After lipid extraction, the incorporation of l' ''C]acetate into various lipid fractions was measured. 
"The data are means ± SE M for 5 skin donors. Measurements for eac h skin donor were performed in trip licate. 
"Means ± SEM of 3 expe riments, each of which was performed in triplicate . 
' Total incorporation of l "C) acetate into neut ra l lipids (dpm/mg prote in) . 
"Distribu t ion of incorpo ration of ["C]acetate into va rious neutral lipid fractions (expressed as % of tota l incorporation) . 
TABLE Ill. Effect of culture conditions on de n.ouo cholesterol synthesis 
in. normal (K) and S VK,. heratinocytes 
Cholesterol synthesized (nmol of 
incorporated ( "C Jacetate/mg 
Culture Cell protein) in the presence of: 
condition t.ype 
5% 5% 
Full serum Delipidized serum 
High Ca"+ K 27.9 28.5 
(1.6 mM ) SVK " 29.8 30.8 
Low Ca2+ K 1.8 10.5 
(0.06 mM) SVK 14 3.7 33.6 
Confluent cultures of norma l and SV 40-tra nsformed keratinocytes 
cultured in eit her low- or high -calcium medium were preconditioned 
for 24 h in medium of t he same composition but supplemented with 
either 5% FCS or 5% lipoprotein-deficient serum. For t he measurement 
of de novo cholesterol synt hesis i"C]acetate (2.5 JL<;: i/ ml , 0.5 mM) was 
added, the cells were reincuba ted for 18 h, and the ·amount of synthe-
. s ized l '4 C]cholestero l was dete rmined. 
Compared with cells cu ltured under low-calcium conditions, 
t he rate of total neutral lipid synthesis by normal keratinocytes 
cultured under high-calcium conditions was high and a propor-
tionally high percentage of the [1'C) acetate incorporated into 
t he cholesterol fraction whereas a proportionally low percent-
age incorporated in to free fa tty acid, t riglyceride, and choles-
terol ester fractions (Table II) . A similar pattern was found for 
SVK, ., cells, except for small differences in the absolute distri-
bution of [HC]acetate over the various fract ions under low-
calcium conditions compared with normal keratinocytes (Table 
II) . These resul ts show t hat there were no qualitative differ-
ences in the neut ral lipid synthesis between normal keratino-
cytes and SVK,. cells under either low- or high-calcium con-
ditions. 
Effect of Culture Conditions en de novo Cholesterol Synthesis 
Because, as shown in Table II t he external calcium concen-
tration had a strong effect on [14C)acetate incorporation into 
the cholesterol fraction, the mechanism governing cholesterol 
synthesis was studied in more deta il in both types of cell. In 
normal keratinocytes the rate of de novo cholesterol synthesis 
was high under high-ca lcium conditions and was not affected 
by deprivation of exogenous cholesterol (achieved by incubation 
of cells in medium supplemented with delipidized serum 
(LPDS) (Table Ili) . Identical rates of de novo cholesterol 
synthesis were found for SVK14 cells under similar culture 
conditions (Table III). Culture under low-calcium conditions 
reduced cholesterol synthesis 10- to 15-fold in both cell types 
(Table Ill). However, deprivation of exogenous cholesterol un-
der low-calcium conditions led to complete restoration of de 
novo cholesterol synthesis in SVK 1•1 cells and to only partial 
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FIG 1. Effect of LDL and 25-hydroxycholesterol on the incorpora-
t ion of [14C]acetate into [14C] cholesterol in normal (a) and SV 40-
transformed (b) keratinocytes cultured in either low- or high -calcium 
medium. The confluent cu lt ures cultured in high- (0, 0) or low- (e) 
calcium medium were preconditioned for 24 h in medium of the same 
compostition supplemented wit h LPDS and reincubated for 6 h in 
medium of the same composition but in the presence of the increasing 
amounts of LDL (0, e) or 25-0H choleste rol (0) (0- 50 Jig cholesterol/ 
ml) , after which (14C]acetate (2.5 JLCi/ml , 0.5 mM) was added. After 
overnight incubation, t he [1' C]cholesterol synt hesized was measured. 
a, Normal keratinocytes; b, SV 40-transformed kerat inocytes. 
restoration in normal keratinocytes, compared with the values 
obtained under high-calcium conditions (Table III) . 
Since the rate of cholesterol synthesis is also influenced by 
the presence of LDL, the effects of addition of LDL to cells 
preconditioned in delipidized medium were assessed. After cul-
ture under high-calcium conditions, the additions of LDL had 
no effect on cholesterol synthesis in either cell type but sup-
pressed it strongly in cells cultured under low-calcium condi-
tions (Fig 1). Furthermore, addition of small amounts of 25-
hydroxycholesterol, an inhibitor of cholesterol synthesis, led to 
marked suppression of this synthesis in cells of both types 
cultured under high-calcium conditions (Fig 1) . These results 
show the similarity in the regulation of cholesterol synthesis 
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bet w een norma l keratinocytes and SVK ,,, ce lls under bot h low-
and high-calcium condit ions. 
LDL Metabolism 
As shown above, LDL plays a n importan t role in the regu-
lat i o n of cholestero l synt hesis under low-calcium but not under 
high-ca lc ium condi t ions. This finding led us to study LDL 
metabolism (cell association and degradation) in more detail. 
As shown in Fig 2, t he cell association of LDL was high in 
normal keratinocytes a nd SVK, ,, ce lls (Fig 2a and b, respec-
tive ly) cul tured under low-calcium condit ions, and very low in 
t hose given high-calcium conditions . In both types of cells 
cultured under low-ca lc ium condi tions but assayed for cell 
association of LDL under high -calcium condi tions, association 
was reduced by 30% (Fig 2a,b) . The pattern ofLDL degradation 
was s imila r in t he two cell types, a lt hough t he SVK,. cells had 
higher values for LDL degradation (Fig 2b) . Thus, t he cell 
association a nd degradation of LDL by both cell types de-
c r eased significan t ly during cul t ure under high-calcium condi-
tions. 
Effects of Retinoids on Lipid and Protein Synthesis 
Addition of etretinate to keratinocytes led to suppression of 
t he incorporation of [14 C]acetate into cholesterol and stimula-
tion of t he incorporation into triglycerides, without s ignifi -
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F IG 2. Cell association (binding plus internalization) and degrada-
tio n of [' 2''I]LDL by normal and SV 40-t rans.formed keratinocytes 
cu lt ured in either high- or low-calcium medium. After 24 h preincuba-
t io n of cells (cultured at either low- or high-calcium level) in medium 
supplemented with 5% LPDS, the cells were incubated for 3 h at 37•c 
in medium containing calcium in either low or high concentrations as 
well as 20 !J g ['"'' l]LDL/ ml. The degradation of [125l]LDL was measured 
as iodine-free TCA-soluble radioactivity in the medium. T he binding 
p lus internalization of l125l]LDL was taken as the total amount of cell -
associated radioactivity. Each value is the mean of duplicate determi -
nations. The dotted pari of the column represents nonspecific cell 
association or degradation measured in the presence of 200 JJg/ml 
unlabeled LDL. a, Normal keratinocytes; b, SV 40-transformed kera-
tinocyies. 
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FIG 3. Effects of retinoids on lipid and protein synthesis. Confluent 
cultures were exposed to culture medium containing 5% FCS 24 h 
before the start of t he experiment. The cells were then incubated in 
medium containing 5% FCS to which t he fresh ly prepared solutions of 
retinoids (etretinate or its corresponding acid) in ethanol had been 
added (2 JJI/rnl medium) under ye llow light, and incubated for 3 days 
in the dark at 37•c in humidified atmosphere containing 10% C02 • 
The controls received only 2 J.tl ethanol. Eighteen hours before the end 
of the experiment, the medium was replaced by medium of the same 
composit ion but containi ng ["C]aceiate (2.5 JJCifml) , and the incor-
porat ion of ["C]acetate into cholesterol (e) and triglycerides (,~) was 
measured. T he rate of protein synthesis (0 ) was monitored by meas-
uring t he incorporation of ["C] leucine (0.5 JJ Ci/ ml; 5 x 10-3 M) into 
TCA-precipitable material afte r overnight incubation. The radioactive 
medium was then removed and the cells were washed with PBS and 
lysed in 1 N NaOH. Lysate was sampled for protein analysis and 100 
}Jl cell lysate was precipitated with 3 ml cold 10% TCA water, dried, 
and assayed for radioactivity. a, Normal keratinocytes; b, SV 40-
transformed keratinocytes. 
cantly affecting protein syn t hesis (Fig 3a). Etretinate had a 
simila r effect on SVK,. cells (Fig 3b) , a lt hough compared with 
normal keratinocytes t here were small differences in t he level 
of stimulation . Furthermore, in both cell types t he main etre-
t inate metabolite, i.e., t he corresponding acid, also induced 
suppression of the incorporation of [14C)acetate into cholesterol 
but wit hout affecting its incorporation into t riglycerides or the 
rate of protein synt hesis (Fig 3). 
EGF Binding 
The concentration dependency of EGF binding was deter-
mined, and t he binding characteristics were calculated by Scat-
chard analysis, as described in detail elsewhere [20). Normal 
keratinocytes cultured under high-calcium conditions had EGF 
binding sites belonging to two classes (high- and low-affinity) 
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TABLE IV. Ca/.cium-induced changes in [ 125I}EGF binding 
characteristics of normal and SVK 14 kera.tinocytes 
Calcium concent ration High (1.6 mM) Low (0.06 mM) 
Receptor class High affini ty Low affini ty Low affinity 
J(d Bmas K" Bmu J(d B(JIU Cell line receptor/ receptor/ receptor/ (mM) 
cell (nM) cell (nM) cell 
Keratinocyte 0.007 1700 5.21 53000 0.84 243000 
SVK 14 0.11 29000 4.07 43000 2.01 386000 
['2''T] EGF binding was measured in confluent cultures after 2 h of 
incubation at roo m temperature. The apparent dissociation constant 
K<l and number of binding sites Bmux were calculated from the Scatchard 
plot. 
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FIG 4. Effect of glucocorticoids on cell proliferation. 0.6 x 104 ker-
at inocytes/cm2 were combined with 1.3 X 104 3T 3 cells/cm2 (a) or 0.2 
X 104 SVK 14 ce lls/cm2 (b) and inoculated in DV-H medium supple-
mented with 5% FCS and 10- <; M isoproterenol (day 0). On days 1 and 
4, the medium was replaced by simila r medium but containing steroid 
in va rious concent rations. On day 7 the remaining 3T 3 cells in keratin-
ocyte cultures were removed by brief treatment with 0.02% EDTA. 
Both cell types were t rypsinized and cell number determined. 0 = 
hydrocort iosne (H) ; e = hydrocortisone-17-butyrate (Hl7B); .A = 
betamethasone-17 -valerate (B17V); D = clobetasol-17 -propionate 
(C l 7P). a, Normal keratinocytes; b, SVK 14 cells. 
whose properties are shown in T able IV. Two classes of binding 
sites were also found in SVK,. cells under high-calcium condi-
tions (Table IV) . There was remarkable similarity between the 
two cell types as to t he apparent dissociation constant (Kd) of 
the low-affinity class, although normal keratinocytes expressed 
slightly more low-affini ty binding sites than did SVK14 cells. 
For t he high-affinity class the two cell types differed as to both 
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K d and the number of binding sites (Table IV). Under low-
calcium conditions the total number of EGF binding sites 
increased 5- to 6-fold in both cell types, but an even more 
remarkable finding was the apparent absence of the high-
affinity binding class. The K d value of the low-affinity class 
was of the same order of magnitude in both cell types (Table 
IV) . 
Effect of Glucocorticoids on Cell Proliferation 
The effects of glucocorticoids on cell proliferation were stud-
ied by exposing the cells for 6 days to glucocorticoids adminis-
tered on the second day of culture. As Fig 4 shows, the gluco-
corticoid-induced effects on the proliferation of both normal 
and t ransformed keratinocytes were very similar. The addit ion 
of small amounts of glucocorticoids (109 to 10- 6 M) led to 
stimulation and larger amounts (up to 5 X 10- 5 M) to inhibition 
of cell proliferation. These effects were most pronounced for 
clobetasol propionate, less strong for betamethasone-17 -valer-
ate and hydrocortisone-17-butyrate, and weakest for hydrocor-
tisone. 
DISCUSSION 
Various clones of SV 40-transformed keratinocytes [4- 6] 
were used to study transformation-induced changes in growth 
and different iation patterns [ 4-6,23-26], surface ultrastructure 
[25], the distribution of actin and fibronectin [24], and the 
keratin pattern [4,6,26]. The degree of the transformation-
induced changes is known to differ among various clones [23]. 
In the present study we compared normal keratinocytes with 
an SV 40-transformed keratinocyte cell line (SVK1.) [4] with 
respect to properties involved in the regulation of proliferation 
and differentiation, because the study of long-term effects of 
therapeutic agents on keratinocytes would be greatly facilitated 
if the latter could be used for this research. 
Both cell types showed the same degree of competency to 
form ionophore-induced cross-linked envelopes. Only the num-
ber of spontaneously formed envelopes differed, being lower for 
SVK14 cells than for normal keratinocytes (Table I) . These 
findings are at variance with those of Taylor-Papadimitriou et 
a! [4], who found a much lower competency of SVK1• cells to 
form ionophore-induced cross-linked envelopes. This dis-
crepancy might be due to differences in culture conditions that 
have been shown recently to exert a strong influence on enve-
lope formation [8,27,28]. 
In the presence of calcium-rich medium, i.e., under differen-
tiating conditions, the rate of cholesterol synthesis was high in 
both SVK, 4 cells and normal keratinocytes and was not affected 
by changes in the concentration of extracellular lipoprotein 
(Table JII, Fig 1). However, the addition of cholesterol in a 
nonlipoprotein form, i.e. , as 25-hydroxycholesterol, led to a 
strong suppression of cholesterol synthesis (Fig 1), which sug-
gests that the mechanism governing the activity of HMGCoA 
reductase (an enzyme which catalyzes the rate-limiting step of 
cholesterol synthesis [29]) is operative in both cell types. The 
failure of LDL to regulate intracellular cholesterol metabolism 
in high-calcium cells was due to a defect of the LDL metabolism 
(Fig 2). In cultures given a low-calcium medium, however, the 
rate of cholesterol synthesis was 10-20 times lower and was 
markedly affected by changes in the extracellular lipoprotein 
concentration (Table Ill, Fig 1) . These changes were found to 
be due to a high rate of LDL metabolism in these cells (Fig 2), 
as indicated by a high rate of cell association and degradation 
of [125I)LDL. In normal keratinocytes, raising of the calcium 
content of the medium leads within a few hours to accelerated 
cell differentiation, and this in turn is accompanied by an 
increase of the competence to form cornified envelopes, in-
creased lipid and protein synthesis, and a decrease in the rate 
of LDL metabolism [30] . It is therefore hardly surprising that 
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in cells preincubated in a low-calcium medium both cell asso-
ciation and degradation of [125I]LDL were lower when assessed 
in a calcium-rich medium than in a calcium-poor medium (Fig 
2). 
As was found for LDL receptors, calcium-induced cell differ-
entiation was accompanied by marked changes in the expres-
sion of EGF receptors in both cell types. The number of EGF 
binding sites was high in the proliferating low-calcium and low 
in the differentiating high-calcium cells. The latter showed 2 
classes of EGF binding sites, and the high-affinity sites disap-
peared in proliferating cells. Similar observations have been 
reported for other types of differentiating cell [31,32]. 
The similarity between the changes in the expression ofEGF 
[10,32] and LDL receptors [11,30] during cell differentiation 
suggests that a similar mechanism might underlie the regula-
t ion of the activity of certain membrane receptors, all of which 
are internalized via the same endocytotic pathway. In other 
words, the high rate of cholesterol synthesis observed in both 
normal and SVK 1•1 keratinocytes cultured under high-calcium 
conditions might induce changes in the plasma membrane 
composition such that the expression of both LDL and EGF 
receptors is altered. This hypothesis is supported by the follow-
ing observations: (a) defective LDL receptor activity in a mu-
tant strain of Chinese hamster cells is accompanied by a 10 
times higher rate of sterol synthesis as well as by changes in 
the cell membrane composition [33] compared with normal 
cells; (b) loss of the EGF -receptor activity in differentiating 
neuroblastoma cells is accompanied by an increased plasma-
membrane cholesterol content and a decreased membrane flu-
idity (31]. The decreased expression of both EGF and LDL 
receptors during differentiation might be due not only to such 
changes in the cell-membrane composition but also to modu-
lations on the level of receptor biosynthesis. 
The behaviour of SVK 1., cells resembles that of normal 
keratinocytes in other ways besides the calcium-induced 
changes in the expression of EGF and LDL receptors observed 
in both cell types. The rate of incorporation of [1''C]acetate into 
various neutral lipids was similar at both calcium levels in the 
medium (Table II), and the addition of etretinate led to the 
suppression of cholesterol synthesis and the stimulation of 
triglyceride synthesis in both cell types (Fig 3). In SYK14 cells 
as well as in keratinocytes, etretinate is probably not metabo-
lized to a significant degree, since the main etretinate metabo-
lite (the corresponding acid) had little effect on triglyceride 
synthesis although it suppressed cholesterol synthesis to 
roughly the same extent as did etretinate itself. Furthermore, 
the cytoplasm of the SVK"' cells proved to contain macromol -
ecules to which glucocorticoids bind with a high affinity. The 
apparent dissociat ion constant (Kd = 2.2 nM) and the number 
of binding sites (about 70 fmol/106 cell) did not differ signifi-
cantly from the values for normal keratinocytes [13]. In com-
petition experiments, comparison of the relative binding affin-
ity of a number of glucocorticoids used in dermatologic practice 
showed the same order of affinity in both cell types, i.e., an 
increase in the following order: hydrocortisone < hydrocorti-
sone-17-butyrate < triamcinolone aceonide < clobetasone-17-
butyrate < clobetasol-17-propionate < betamethasone-17-val-
erate [13] . The profile of the glucocorticoid-induced effects on 
cell proliferation was also similar in both cell types: the addition 
of small amounts of glucocorticoid (up to 16- 6 M) led to stim-
ulation and large amounts to inhibition of cell proliferation 
(Fig 4). These effects were most pronounced for clobetasol-17-
propionate, less pronounced for betamethasone-17 -valerate and 
.hydrocortisone-17-butyrate, and least prominent for hydrocor-
tisone. 
Our results support the hypothesis that for studies on the 
expression of LDL, EGF, and glucocorticoid receptors and as 
well as the investigation of specific effects of certain drugs, 
SVK 14 cells may be used instead of normal keratinocytes. 
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